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57 ABSTRACT 
A circuit for generating an output pulse with a precise 
time of occurrence relative to the input trigger signal 
regardless of varying amplitudes of the input trigger sig 
nal. 

1 Claim, 4 Drawing Figures 
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1. 

AMPLITUDE INDEPENDENT TIME OF ARRIVAL 
DETECTOR 

BACKGROUND OF THE INVENTION 

This invention relates to electrical timing circuits, 
and particularly to means for accurately establishing 
the time of arrival of information on an amplitude vary 
ing input signal. This is accomplished by generating an 
output pulse at a precise time of occurrence relative to 
a fixed point on the input signal regardless of the vari 
ous amplitudes the input signal may have. To accu 
rately establish the time of arrival information on am 
plitude varying input signals, typical pulse generating 
circuits can not be used. In the typical usage of such 
circuits, the pulse initiation time is dependent on the 
amplitude of the input trigger signal. For example, as 
the input trigger signal increases in magnitude, the 
pulse initiation time occurs sooner, and vice versa. As 
a result, accurate and precise time of arrival informa 
tion can not be derived. 
Voltage comparator types of circuits, such as the 

Schmitt trigger and multiar, generate pulses when they 
are initiated by an input trigger. In the typical usage of 
such circuits, the pulse initiation time is directly depen 
dent on the amplitude of the input trigger. Relative to 
a fixed point on the trigger input, the time of occur 
rence of the generated output pulse varies if the ampli 
tude of the triggering pulse varies. As a result, there is 
an extreme disadvantage for pulse generators when ac 
curacy and precision requirements must be satisfied 
under the condition of amplitude varying trigger pulses. 
Prior art devices which use delay attenuation circuitry 
involve complex circuits and are limited to one level of 
output. 
... The present invention provides a simple device and 
identical output pulses are generated for each input 
pulse. SUMMARY OF THE INVENTION 
This invention generates output pulses with a precise 

time of occurrence from amplitude varying trigger 
input signals. The precision of the output pulse time of 
occurrence regardless of amplitude varying input trig 
ger signals is a major advantage over other methods of 
pulse generation because accurate information can be 
derived from input trigger pulses whose amplitude var 
ies over a wide dynamic range. The input signal is fed 
through both a delay line and an attenuator to a voltage 
comparator. This invention offers a new and simple 
technique for accurately establishing time of arrival in 
formation from amplitude varying input signals. The 
time of occurrence of the output signal relative to a 
fixed point on the amplitude varying input signal is ac 
curate and precise. Also, the time of occurrence of the 
output signal can be adjusted to occur at a particular 
time by the delay line selection. The simplicity of this 
circuit permits easy and inexpensive implementation 
thereof using currently available off-the-shelf items. 
Further, the output signal is uniform regardless of the 
shape or magnitude of the input signal. 

STATEMENT OF THE OBJECTS OF THE 
INVENTION 

It is an object of the invention, therefore, to provide 
a device for generating output pulses with precise time 
of occurrence regardless of amplitude varying input 
trigger signals which vary over a wide dynamic range. 
Other objects, advantages and novel features of the 

invention will become apparent from the following de 
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2 
tailed description of the invention when considered in 
conjunction with the accompanying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the invention. 
FIG. 2 is a circuit schematic diagram of the preferred 

embodiment of the invention. 
FIG.3 shows circuit waveforms for a triangular input 

signal. 
FIG. 4 shows the effects of amplitude varying input 

signals. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

The block diagram of FIG. 1 shows the functions 
used for establishing accurate time of arrival informa 
tion from an amplitude varying input signal for this in 
vention. 
As shown in FIG. 1, this invention consists of a delay 

line 10, a fixed attenuator 12, and a voltage comparator 
type of circuit 14. The input trigger signal S is applied 
to the delay line and the fixed attenuator. The delay 
line output signal S. at point X is a duplicate of the 
input trigger signal except for a fixed delay time T and 
an attenuation factor K. The fixed attenuator output 
signal S. at point Y is a duplicate of the input trigger 
signal S except for being attenuated by a factor of K. 
K is less than K. Delay line 10 delays the input signal 
S for a fixed time T attenuator 12 attenuates the 
input signal S. more than delay line 10 does, and volt 
age comparator 14 switches between two levels when 
ever the relative voltage polarity between its two input 
terminals 16 and 18 are reversed. 
The simplicity of the new technique of this invention 

is illustrated in the circuit schematic of FIG. 2. The 
power supply voltages for the circuit are +V and -V 
provided at terminals 20 and 21 respectively. For this 
description of how the circuit functions, assume that 
the output S of voltage comparator 14 is at the low 
level when point Y is positive relative to point X. 
Therefore, whenever point Y becomes negative rela 
tive to point X, the voltage comparator output switches 
to its high level. And when point Y returns to its posi 
tive polarity relative to point X, the voltage comparator 
switches back to its low level. 
For the quiescent condition on the voltage compara 

tor 14, point Y is positive relative to point X by a very 
small offset voltage (V offset) due to the two voltage 
dividing networks consisting of R with R, and Rs with 
R. Consequently, whenever there is no input signal St, 
the output signal So remains at the low level. 
When a positive input signal S is present, it is applied 

to point Y through a DC blocking capacitor C and re 
sistor Rs. The same positive input signal S is also ap 
plied to point X through a DC blocking capacitor C, 
and through the delay line 10. At point X the signals. 
is delayed by a fixed time T relative to the signal S, at 
point Y due to the delay line. The voltage divider R - 
R, is such that the DC voltage at point Y is slightly posi 
tive (e.g., 20 millivolts more positive) relative to, point 
X. This will define the input polarities at points Y and 
X for a specific polarity of S. Resistor Rs provides the 
fixed attenuation because it is in series with the parallel 
combination of resistors R and R. Due to the attenu 
ating network formed by R1, R, and Rs, the signal Sy 
at point Y will have less magnitude than the signal Sy 
at point X. The circuit waveforms for an assumed trian 
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gular input signal S are shown in FIG. 3. As illustrated 
in FIG. 3, the positive input trigger signal S initially 
drives point Y more positive, therefore, the voltage 
comparator output signal S. remains at the low level. 
But after the time duration, Tp, the delayed signal with 
greater magnitude arrives at point X and then causes 
point X to become positive relative to point Y. At this 
time to the voltage comparator output signal S. switches 
to its high level and remains until point Y returns posi 
tive relative to point X near the end of the delay line 
output signal. The output signal S. returns to the low 
level at time, t. 
The effects of amplitude varying input signals S is il 

lustrated in FIG. 4. Since the ratio of the signal magni 
tudes at points X and Y is constant, the signal Sy at 
point X increases or decreases proportionately as the 
signal Sy at point Y. Consequently, the polarity rever 
sals between points X and Y always occur at times to 
and tr. In addition, the output signal So always begins at 
time to and ends at time t. Moreover, the relative time 
of occurrence of the output signal S to a fixed point on 
the input signal S will always be the same regardless of 
the amplitude of the input signal St; thus providing an 
accurate, precise and uniform output signal regardless 
of the shape or magnitude of the input signal. 
What is claimed is: 
1. A signal time of arrival detector circuit for gener 

ating a uniform output pulse with an accurate and pre 
cise time of occurrence relative to the input signal re 
gardless of varying amplitudes of the input signal over 
a wide dynamic range, comprising: 

a. a circuit input terminal to which the input signal is 
fed; 

b. a voltage comparator means; 
c. delay line means connected between said input ter 
minal and a first input to said voltage comparator, 
said delay line means delaying the input signal for 
a fixed time, the time of occurrence of the input 
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4. 
being adjustable to occur at a particular time by 
varying said delay line means; 

d. an attenuator means having its input connected be 
tween said input terminal and a second input to 
said voltage comparator, said attenuator means at 
tenuating the input signal more than said delay line, 
said attenuator means comprising a resistor net 
work consisting of a first resistor in series with a 
parallel combination of resistors forming a voltage 
divider; 

e. said input signal being fed through respective 
blocking capacitors to both said delay line means 
and said attenuator means to said voltage compara 
tor means; 

f. voltage means provided for maintaining the second 
input to said voltage comparator means positive 
relative to the first input thereto by a small offset 
voltage during its quiescent condition when there 
is no input signal to said circuit input terminal 
whereby the output signal from said voltage com 
parator means remains at low level; 

g. the output of said voltage comparator means being 
at low level when the voltage at said second input 
thereto is positive relative to said first input 
thereto, said voltage comparator means switching 
to high level when the voltage at the second input 
thereto becomes negative relative to the first input 
and switching back to its low level when the voltage 
at the second input returns to a positive polarity 
with respect to the first input, identical output 
pulses being generated for each input pulse, said 
pulses being uniform with accurate and precise 
time of occurrence relative to the input signal re 
gardless of varying amplitudes of the input signal, 
wherein accurate information is derived from input 
trigger pulses whose amplitude varies over a wide 
dynamic range. 
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